Introduction

Multiple sclerosis (MS) and experimental autoimmune encephalomyelitis (EAE), an animal 44 model for MS, are chronic demyelinating diseases of the central nervous system (CNS). 45
During active disease, demyelination within the CNS is associated with inflammatory 46 responses that are orchestrated by infiltrating T cells and endogenous glia. Both IFN-γ-47 macrophages. We also provide evidence that MOG-specific T cells polarized in vitro with 12 to secrete IFN-γ, or polarized with IL-1β and IL-23 to secrete can 94 activate CD11b + microglia, inducing expression of MHC class II and co-stimulatory 95 molecules. Critically, MOG-specific T cell lines that secrete IL-17 and IFN-γ, but not T cells 96 that secrete IFN-γ, promoted production of the proinflammatory cytokines IL-1β, TNF-α and 97 IL-6 by glial cells. 98
Flow cytometry 149
Cultured mixed glial cells and mononuclear cells isolated by percoll density centrifugation 150 from the brains or spinal cords of PBS-perfused control mice and mice with EAE, were 151 washed and blocked with FcγR blocker (1 µg/ml; BD Biosciences, USA). Cultured glial cells 152
were stained with anti-CD11b, anti-MHC class II, anti-CD80, anti-CD86, or anti-CD40. 153
Mononuclear cells were stained with anti-CD45, anti CD11b, anti-MHC class II, anti-CD80, 154 anti-CD86, or anti-CD40 antibody, or alternatively with anti-CD3 and anti-CD4, these cells 155 were then fixed and permeabilized (Fix and Perm Cell Permeabilization Kit; Caltag) and 156 stained intracellularly for IL-17 or IFN-γ. Flow cytometric analysis was performed using a 157
CyAN ADP Flow Cytometer (Dako Cytomation) with FloJo software, with gating set on FMOs. 158 159
Statistical analysis 160
Statistical analysis was performed using the computer-based statistical package GraphPad 161
Prism. One-way ANOVA, using the Newman Keuls post-hoc test, was used to determine 162 statistically significant differences. 163
Results
164
Infiltration of CD3 + T cells and CD11b
+
CD45 hi cells into the brain of C57BL/6 mice with 165
EAE 166 EAE was induced in C57BL/6 mice by s.c. injection of MOG To assess the level of T cell infiltration into the brain during EAE, mononuclear cells 175 isolated from the brains of control mice and mice with EAE were stained with anti-CD3 and 176 the total number of T cells was calculated. There was a significant increase in CD3 + T cell 177 infiltration into the brain throughout the course of the disease (F (4,11) = 4.98, *p<0.05; Fig. 1B  178 and C). The numbers of CD3 + cells increased steadily from less than 1x10 4 in control mice to 179 a peak of over 2x10 5 14 days after induction of EAE. 180
Microglia can be distinguished from macrophages on the basis of CD45 expression. In 181 normal and pathological CNS tissue, CD45 expression has been correlated with the ability to 182 present antigen to naïve T cells (Carson et al., 1998) ; activated microglia are known to 183 upregulate their expression of CD45 to intermediate or high levels, thus improving their 184 antigen presenting capabilities (Carson et al., 1998) . Mononuclear cells isolated from the 185 brains of control mice and mice with EAE were stained with anti-CD11b and anti-CD45 to 186 identify a resting microglial population (CD11b + CD45 lo ) and activated microglia and braininfiltrating macrophage population (CD11b  + CD45 hi ). The number of resting microglia in the 188 brain was not significantly altered throughout the course of disease. However, the numbers of 189 activated microglia and activated infiltrating macrophages into the brain was markedly 190 elevated at the onset of clinical symptoms (day 10) (F (4,14) = 6.32, **p<0.01; Fig. 1D ). 191
Representative dotplots of CD11b + CD45 + cells in the brains of control mice and mice with 192 EAE at the onset of clinical symptoms are shown in Figure 1E . clinical symptoms (F (4,15) =21.97, *p<0.05, ***p<0.001) and this increased further by day 10 214 and remained higher than control levels on day 14 and 21 ( Fig. 2B and D before the onset of disease (days 7 and 10) and was maintained at high levels at least until day 233 21 post immunization (Fig 3A) . The increase in the number of IFN-γ + IL-17 -CD4 + T cells, 234 although greater at the peak, did not occur until a little later in disease (Fig 3A) . (Fig. 4) . However, the expression of 258 CD86 on resting microglia in the brain was not significantly elevated throughout the course of 259 disease (Fig. 4) . 260
In comparison with CD11b + CD45 lo microglia, CD11b 
Expression of IL-1β, TNF-α and IL-6 is significantly increased in the brain during 275 development of EAE 276
Since IL-1β, IL-6 and TNF-α play a role in CNS inflammation, we examined their 277 expression in the brain during the course of EAE. The concentration of IL-1β was 278 significantly elevated 7 days after immunization before the onset of clinical symptoms of 279 EAE, reached a peak at day 10 and remained greater than background on day 21 (Fig. 6A) . 280
Consistent with this, IL-1β mRNA expression in the brain was a significantly increased on 281 day 7 and was further elevated at the onset of clinical symptoms (F (4,15) =12.85, **p<0.01; 282 ***p<0.001, Fig. 6B ). TNF-α mRNA expression was significantly augmented in the brain at 283 the onset of clinical symptoms (F (4,15) =2.72, **p<0.01; Fig. 6B ). IL-6 mRNA expression was 284 enhanced in the brain of mice with EAE 7 and 10 days post immunization (F (4,15) EAE by culture of spleen and lymph node cells with MOG 35-55 (25 µg/ml) and IL-12 (1 296 ng/ml) or MOG, IL-23 (10 ng/ml) and IL-1β (10 ng/ml). We had previously shown that 297 MOG-specific T cells cultured under either of these conditions induced EAE following 298 transfer into naïve mice (Sutton et al., 2006 ). An examination of cytokine secretion by these 299 short-term MOG-specific T cell lines revealed that IL-12-polarized cells secreted high levels 300 of IFN-γ and no IL-17 or IL-4, a clear Th1-type profile. In contrast, MOG-specific T cells 301 polarized with IL-1β and IL-23 produced high levels of IL-17 as well as IFN-γ, but no IL-4 302 (Fig. 7A ). These cells are referred to as Th1/Th17 cells hereafter. 303
We examined the ability of MOG-specific T cells to induce microglia activation in 304 vitro. Co-cultures of glia and Th1/Th17 cells significantly increased IL-1β, TNF-α and IL-6 305 production when compared with glia co-cultured with Th1 cells or medium only 306 (F (4,10) =539.8, ***p<0.001; F (4,10) =3872, ***p<0.001; F (4,10) =77.19, ***p<0.001 respectively, 307
The effect of the MOG 35-55 -specific T cell subsets on the expression of MHC-class II 312 and co-stimulatory molecules on the surface of CD11b + microglia was examined by flow 313 cytometry. Co-culture of glia with Th1 cells or with Th1/Th17 cells in the presence of 314 MOG 35-55 (25µg/ml) significantly enhanced expression of MHC class II on the surface of 315 microglia (F (2,6) =32.07, **p<0.01, ***p<0.001; Fig. 7C and D) . Expression of CD40, CD80 316 and CD86 on microglia was also enhanced, although not significantly, following co-culture 317 with Th1 cells and Th1/Th17 cells (Fig. 7) . These findings demonstrate that interaction with 318
Th1 cells enhanced surface marker expression on microglia, whereas MOG-specific T cells 319 that secrete IFN-γ and IL-17 enhance pro-inflammatory cytokine as well as surface marker 320 expression of CD11b + microglia. 321 exhibit an activated morphology with increased expression of cell surface MHC class II and 332 the adhesion/costimulatory molecules CD54, CD40, CD80 and CD86 333 Cannella and Raine, 1995) . It has also been shown that CD11b + CD45 lo microglia purified 334 from the inflamed CNS are largely incapable of activating either naïve or effector T cells, 335 whereas CD11b + CD45 hi cells can efficiently present endogenous myelin antigens to pre-336 activated effector myelin-specific T cells and naïve T cells (Miller et al., 2007) . Collectively 337 these findings suggest that the CD11b by culture with IL-1β and IL-23 in the presence of anti-IFN-γ, but this phenotype was 395 unstable and the cells reverted to double producers after 2 rounds of antigen stimulationcell lines were less effective than the double producers at inducing EAE following transfer 398 into naive mice ). Therefore we confined our experiments to a study of 399 Th1 or IL-17 and IFN-γ-producing cells, which we have called Th1/Th17 cells. Indeed, 400 consistent with a previous report (Suryani and Sutton, 2007) 
Discussion
